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(54) METHOD OF MODIFYING POLYMERIC MATERIAL AND USE THEREOF 



(57) A method of modifying a polymeric material 
which comprises the steps of activation-treatment and 
a hydrophilic polymer-treatment, or comprises the steps 
of activation-treatment, a hydrophilic polymer-treat- 
ment, and monomer grafting in this order, or comprises 
the step of a solvent-treatment followed by these steps. 
Thus, the polymeric material, e.g., polyolefin, is im- 
proved in hydrophilicity, adhesion, etc. without lowering 
the practical strength thereof. The polymeric material 



thus improved in adhesion and other properties can be 
used in many applications where water absorption and 
adhesion are required, such as an absorption material, 
e.g., a wiping/cleansing material, a water retention ma- 
terial, a material for microorganism culture media, a sep- 
arator for batteries (or cells), a synthetic paper, a filter 
medium, a textile product for clothing, a medical/sani- 
tary/cosmetic supply, and reinforcing fibers for compos- 
ite materials. 



in 

CO 



Q. 

Ill 



Primed by Jouve. 75001 PARIS (FR) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EP 1 164 157 A1 

D s ription 
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Disclosure of Invention 

[0009] The present inventor investigated the method for improving the property of polymeric materials such as a 
water adsorption property, a hydrophilic property, and an adhesion property, etc. and discovered that a combination of 
5 a solvent treatment, an activation treatment, a hydrophilic polymer treatment and a monomer grafting is effective for 
the improvement, and compl ted the present invention. 

[0010] A first aspect of the present invention relates to the method for improving polymeric materials by (1 ) the step 
of activation-treatment and (2) the step of a hydrophilic polymer-treatment in this order. 

[001 1 ] A second aspect of the present invention relates to the method to improve polymeric materials by (1 ) the step 
10 of activation-treatment and (2) the step of a hydrophilic polymer-treatment and (3) the step of monomer grafting in this 
order. 

[0012] A third aspect of the present invention relates to the method to improve polymeric materials by (1) the step 
of a solvent-treatment, (2) the step of activation-treatment and (3) the step of a hydrophilic polymer-treatment in this 
order. 

15 [001 3] A fourth aspect of the present invention relates to the method to improve polymeric materials by (1 ) the step 
of a solvent-treatment, (2) the step of activation-treatment, (3) the step of a hydrophilic polymer-treatment treatment 
and (4) the step of monomer grafting in this order. 

[0014] The present invention also relates to the products prepared from the polymeric materials improved by the 
above methods; a water absorption material, a water retention material, a material for microorganism culture media, 

20 a synthetic paper, a filter medium, a battery separator, a member of writing materials (members made of polymer used 
for various kinds of pens with water-soluble ink, felt pens, brush pens, fountain pens and ball-point pens, etc.), a wiping/ 
cleansing cloth, a disposal medical/sanitary/cosmetic supply (a diaper, a sanitary napkin, a bandage, a gauze, the 
other medical/sanitary supply and various cosmetic supplies for cleaning/cleansing), a material improved in adhesion 
property, a bracket for straightening of irregular teeth, a medical material (an artificial organ, an artificial joint, a medical 

25 tube and the other molding material of tube, string or plate), etc. 
[0015] The present invention will be described in more detail. 

(Polymeric materials) 

30 [0016] Polymeric materials used in the present invention include the polymer material contained in each of a single 
polymer or a mixture of synthetic or natural polymers, a modified single polymer or polymer mixture, a material prepared 
by mixing or conjugating the polymers with glass, metal and carbon fiber, etc. 

[0017] Both thermoplastic polymers and thermosetting polymers are used as synthetic polymers. Various methods 
for the preparation of these polymers are exemplified, and ail polymers prepared by these methods can be used. For 

35 example, the following polymers are available; (1) polymers made by an addition polymerization; homopolymers or 
copolymers prepared by the polymerization of a single kind of monomer or a mixture of monomers selected from olefins, 
vinyl compounds except olefins, vinylidene compounds, the other compounds with C=C double bonds, (2) polymers 
made by polycondensation; a polyester and a polyamide, etc. or their mixture or modified polymers, (3) polymers made 
by addition polycondensation; phenol resin (containing Kynol (commercial name of Japan Kynol Co., Ltd.), urea resin, 

40 melamine resin, xylene resin, or their mixture or modified polymers, (4) polymers prepared by polyaddition; poly- 
urethane, polyurea, and these mixture or modified polymers, (5) polymers prepared by the ring-opening polymerization; 
a homopolymer or a copolymer prepared by cyclopropane, ethylene oxide, propylene oxide, lactone and lactam, and 
these mixtures or modified polymers, (6) cyclic polymers; polymers prepared by the polymerization of divinyl com- 
pounds (e.g., 1 ,4-pentadiene) and these mixture or chemically modified polymers, (7) polymers prepared by isomeric 

45 polymerization; e.g., alternative copolymer of ethylene and isobutene, (8) polymers prepared by the electrolytic polym- 
erization; a homopolymer or a copotymerprepared by pyrrole, aniline and acetylene, etc. and their mixture or chemically 
modified polymers. (9) polymers made of aldehydes and ketones, (10) poly(ethersulfone) and (11) polypeptides. 
[0018] A single material or a mixture of cellulose, proteins and polysaccharides or these derivatives, etc. are given 
as natural polymers. 

so [0019] In the present invention, the polymers made by an addition polymerization described above are preferably 
used. Monomers used in an addition polymerization are not specially limited. A homopolymer or a copolymer of a- 
olefins such as ethylene, propylene, butene-1, hexene-1, 4-methylpentene-1, octene-1, etc. are used. 
[0020] In the present invention, vinyl compounds except olefins give the compounds with vinyl groups. For instance, 
the following compounds are given; vinyl chloride, styrene, acrylic acid, methacrylic acid, esters or acrylic or methacrylic 

55 acids, vinyl acetate, vinyl ethers, vinyl carbazole, and acrylonitrile, etc. 

[0021] As the compounds with carbon-carbon doubl bonds except olefins, vinyl compounds and vinilidene com- 
pounds, the following compounds are given; maleic anhydride, pyromellitic dianhydride, 2-butene acid, tetrafluoroeth- 
ylene, chlorotrifuluoroethylene, etc. and compounds with two or more vinyl groups, for instance, butadiene, isoprene 



3 



EP 1 164 157 A1 

and chloroprene, etc. 
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before th activation treatment. For instanc , polyolefins, polyvinyl chloride and polyvinyliden chloride, etc. are pref- 
erably washed with methanol and toluene. Cellulose acetate, nylons, poly sters, polystyrene, acrylic resin, polyvinyl 
acetat , polycarbonat , polyurethane, etc. ar preferably washed with alcohols (methanol or ethanol). It is pr ferabl 
that cellulose materials such as cotton, hemp, rayon, cuprammonium rayon, etc. are washed with alcohols after washing 
5 with d tergents. 

[0033] As a method of activation treatments, each of ozone treatment, plasma treatment, ultra-violet right irradiation 
treatment, high voltage electric discharge treatment and corona discharge treatment are available. 

(Ozone Treatment) 

10 

[0034] The ozone treatment is to carry out a chemical reaction, mainly oxidation of the surface of polymeric materials 
with ozone molecules upon contact with ozone in order to improve the polymeric materials. 

[0035] The ozone treatment is carried out by exposing polymeric materials to ozone. Any methods of ozone treatment 
are available; for instance, to put a polymeric material under the atmosphere of ozone for a given time or to put a 

15 polymeric material in the stream of ozone, etc. 

[0036] Ozone is produced by passing air, oxygen, or gas containing oxygen such as oxygen-added air through an 
ozone generator. The ozone treatment is carried out by introducing the obtained gas containing ozone into a reaction 
vessel or a container in which a polymeric material is involved. The conditions of ozone treatment such as a concen- 
tration of ozone in a gas containing ozone, an exposure time and temperature, etc. are appropriately determined con- 

20 sidering a kind and form of a polymeric material and the aim of the surface improvement. Usually, an ozone concen- 
tration from 0. 1 to 200 mg/l, a temperature from 1 0 to 80°C and a reaction time from 1 minute to 1 0 hours are applicable. 
For example, the treatment with the ozone concentration from 10 to 40 g/m 3 and a time from about 10 to 30 minutes 
at room temperature is available for the treatment of polypropylene and polyvinyl chloride fibers. When a polymeric 
material is a film, a treatment with an ozone concentration of 10 to 80 g/m 3 and the time from about 20 minutes to 3 

25 hours is available. When air is used instead of oxygen, the ozone concentration becomes about a half of that with 
oxygen. 

[0037] It is considered that hydroperoxide groups (-0-OH), etc. are formed and some of them are changed to hy- 
droxide groups and carbonyl groups on the surface of a polymeric material by the reaction, mainly oxidation, with ozone 
treatment. 

30 

(Plasma Treatment) 

[0038] A plasma treatment is carried out to introduce functional groups containing oxygen, nitrogen, etc. to the surface 
of materials; a polymeric material is put in a vessel containing a gas such as argon, neon, helium, nitrogen, carbon 

35 dioxide, oxygen and air, etc. and it is exposed to the plasma generated by a glow discharge. It is considered that 
radicals are generated on the surface of the polymeric material by the attack of the plasma. Subsequently, the radicals 
are exposed to air and reacted with oxygen to form carboxylic groups, carbonyl groups and amino groups, etc. on the 
surface of the polymeric material. The plasma treatment under a low pressure of nitrogen, oxygen or air can produce 
functional groups directly in the polymeric material. 

40 [0039] Methods of the electric discharge are classified in (1 ) a direct current discharge, (2) a radio-wave discharge, 
and (3) a microwave discharge. 

(Ultraviolet Radiation Treatment) 

<5 [0040] Ultraviolet radiation treatment is a method to irradiate an ultraviolet (UV) light to the surface of polymeric 
materials. Low-pressure mercury lamps, high-pressure mercury lamps, super high-pressure mercury lamps, xenon 
lamps and metal halide lamps are employed as a UV light source. It is effective that a polymeric material is treated 
with a solvent which can absorb UV light before the UV irradiation. Although any wave length of UV light is available, 
that of around 360 nm is preferable to decrease the deterioration of the material. The following is considered. When 

50 a UV light is irradiated to a polymeric material, a part of the light is absorbed by the chemical structure such as double 
bonds, etc. in the surface of the polymeric material and some chemical bonds are broken to produce radicals by the 
absorbed energy. The resulting radicals are considered to produce carboxylic groups or carbonyl groups via peroxides 
by the bonding of oxygen in air. 

55 (High Voltage Electric Discharge Treatment) 

[0041] A high voltage electric discharge treatment is as follows. A polymeric material is put on a belt conv yor roller 
equipped in a tunnel-shaped instrument and the material is carried by the belt. A high voltage such as several hundred 
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5 (Corona Discharge Treatment) 

-era. thousands vol* „ given bet ween a 

A polymeric material is passed through the spa7e SSlTf m "" meter intervate to me metal rol1 *- 
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2 o (Solvent Treatment) 
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oxidation-reduction initiators (oxidants; persulfates, hydrogen peroxid , hydroperoxid , etc. and inorganic reductants; 
copper salts, iron salts, sodium hydrogen sulfite, sodium thiosulfat , etc. or organic reductants; alcohols, amines, oxalic 
acid, etc. and these mixture, and oxidants; hydrogen peroxide, etc. and inorganic reductants; copper salts, iron salts, 
sodium hydrogen sulfite, sodium thiosulfate, etc., or organic reductants; dialkyl peroxide, diacyl peroxides, etc. and 
s reductants; tertiary amines, naphthenates, mercaptans, organometallic compounds (triethyl aluminium, triethyl boron, 
etc. and these mixture), the other usual initiators of radical polymerization, etc. 

[0051 ] In the hydrophilic polymer treatment process, it is preferable to use a hydrophilic polymer in the solution state. 
A water-soluble polymer is used as an aqueous solution. When a hydrophilic polymer is not soluble easily in water, it 
can be used as a solution in an adequate solvent. The use of water-soluble polymers is explained below. 

w [0052] When a treatment with a water-soluble polymer is carried out in the absence of an initiator, a polymeric material 
finished by the activation treatment is put in an aqueous solution of the water-soluble polymer. 
[0053] When a treatment with a water-soluble polymer is carried out in the presence of an initiator, first, an aqueous 
solution of the water-soluble polymer is prepared. Then, if the initiator is water-soluble, a given amount of it is dissolved 
in the aqueous solution of the water-soluble polymer If the initiator is not dissolved in water, it is dissolved in an organic 

is s solvent such as alcohols or acetone which are miscible with water, and then, the solution is added in the aqueous 
solution of the water-soluble polymer. Then, a polymeric material finished by the activation treatment is put in the 
solution of the water-soluble polymer and the initiator. The inner atmosphere of the reaction vessel is desirable to be 
substituted with nitrogen gas, but the nitrogen atmosphere is not always necessary for a usual treatment. 
[0054] The temperature is not limited for the treatment with a water-soluble polymer and an initiator; usually, the 

20 temperature of 1 0°C to 80°C is available, but that of 60°C to 90°C is more preferable. The treatment for a long period 
of time (e.g., about 12 hours) at a high temperature is preferably carried out in order to obtain a durable hydrophilicity 
of a polymeric material. A characteristic of the present invention is as follows. Even when the amount of a hydrophilic 
polymer bound to a polymeric material in the hydrophilic polymer treatment is too small to be analyzed by usual ana- 
lytical methods, a hydrophilicity of the polymeric material can be effectively improved by the present invention. Besides, 

25 as a ratio of a surface area of a polymeric material depends on the kind of the material, for instance, a percentage of 
weight increase in a treated material is largely dependent on each material. As a molded polymeric material has a 
small specific surface area, even when the percentage of the weight increase in the treated material becomes a very 
small value less than 1 wt%, an effective modification can be obtained. In the case of thin films, the percentage of the 
weight increase in the treated material becomes larger as compared with a thick molded product. In the treatment of 

30 a material with a large specific surface area such as a non-woven fabric, the material of a weight increase less than 5 
wt% gives an excellent improvement in the hydrophilicity. However, the present invention is not limited by these values. 

(Monomer Grafting Treatment) 

35 [0055] In the present invention, the monomers for grafting are desirable to have at least one carbon-carbon double 
bond, for instance, vinyl compounds or similar compounds to them are preferable, although the other monomers which 
polymerize are available. Hydrophilic monomers are preferable for the present treatment. As hydrophilic monomers, 
at least a single monomer or a mixture of monomers selected from the following monomers are preferably used; acrylic 
acid, methacrylic acid, vinyl acetate, 2-butene acid, ethylene sulfonic acid, hydroxyalkyl acrylate, hydroxyalkyl meth- 

40 acrylate, acryl amide, vinyl pyridine, vinyl pyrrolidone, vinyl carbazole, maleic anhydride and pyromellitic dianhydride. 
In the present invention, the use of acrylic acid or methacrylic acid is especially desirable to obtain a polymeric material 
with a chemical resistance and a durable water absorption property. 

[0056] It is a characteristic feature of the present invention that even if a slight amount of hydrophilic polymer is 
bound to a polymeric material, an effective improvement in the hydrophilic property of the material can be obtained. 

45 As mentioned above, an effective hydrophilicity is improved for a thick molded product even when a weight increase 
in a polymeric material by grafting is a value much less than 1 wt%. In the treatment of a film material, the weight 
increase by grafting is more than that of a thick material. In the grafting of a non-woven fabric, the weight increase less 
than 5 wt% gives a good hydrophilicity. However, the present invention is not limited by these values. 
[0057] In addition, monomers with low hydrophilicity such as vinyl monomers e.g., esters of acrylic acids, esters of 

so methacrylic acids, vinyl acetate, styrene, etc. can also be used. The use of only hydrophilic monomers is preferable, 
but, sometimes, the use of a mixture of a hydrophilic monomer and a low hydrophilic monomer increases the percentage 
of grafting and as a result, the hydrophilic monomer residues in the graft can improve a hydrophilicity of the treated 
polymer material. 

[0058] It is desirable that a monomer grafting to a polymer material is made by the heating or the UV irradiation in 
55 the presence of initiators. An initiator can be selected from those used in "the hydrophilic polymer treatment". When 
acrylic acid is used as a monomer, a water-solubl initiator such as cerium ammonium nitrate (IV) or potassium per- 
sulfate is preferably used. A wat r-insoluble initiator such as benzoyl peroxide or AIBN is first dissolved in methanol 
or acetone and the solution is mixed with water. The final solution was used for th treatment. In th grafting by a UV 
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Various UV lamps are available totetoTanTZ^ * *" UV ' i9ht '° r 30 minutes t0 6 hou ^ at 3 6°C. 
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[0060] When a reaction is finished, a polymeric material k t»i«n «, .* ~i «, 
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[0063] Several app.icattons are described be.ow, but still other applications are a.so possible. 
(1) Battery separators: 
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ability, resistanc s to alkalis and acids which ar durable for th repetitive charge/discharge process, an electric insu- 
lation to prevent a short-circuiting, a low electric resistance when they absorb electrolytic solutions, a good perm ability 
for passing gas and ions r leased in batteries, a thin size suitabl for small batteries, a uniform thickness, and a high 
t nsile strength, etc. Non-woven fabrics of polyolefins improved in hydrophilic property and r sistances to alkalis and 
5 acids are preferable for battery separators satisfying these requirements. 

(Lead Storage Battery Separators) 

[0066] An application for a lead storage battery is explained below. 

w [0067] Lead storage batteries are extensively used for cars and machines because they have a good charge/dis- 
charge property, a good overcharge-overdischarge property and a long life time, and they can be used repeatedly. A 
production of a lead storage battery with a large capacity is expected. These characteristics for a lead storage battery 
largely depend on the property of battery separators. The following requirements are desirable for lead storage battery 
separators; an affinity to electrolytic solutions (an aqueous sulfuric acid solution of about 40 wt%), a large liquid-ab- 

15 sorption rate, a high liquid-retention property, resistances to alkalis and acids, durability in repeated charge/discharge 
processes, an electric insulation to prevent a short-circuiting, a low electric resistance when they absorb electrolytic 
solutions, a good permeability for passing gas and ions released in batteries, a thin size suitable for small batteries, 
an uniform thickness, and a high tensile strength, etc. 

[0068] At present, non-woven fabrics containing glass fiber is used for a separator of a lead storage battery. Sepa- 

20 rators of a mixture of glass fiber and cellulose fiber bounded with a resin are also proposed (Japanese Laid-Open 
Patent Publication No. S59-73842 (1984)), and the following separator is also proposed; a mixture of powder of inor- 
ganic materials and a glass fiber is further more mixed with an acid-resistant synthetic fiber, and which are bound by 
a resin binder (Japanese Laid-Open Patent Publication No. H8-1 30001 (1 996), Japanese Laid-Open Patent Publication 
No. H1 1-260335 (1999)). These separators are heavy and expensive. In addition, there is a problem that the resin 

25 used for the binding is exfoliated. On the other hand, a lead-storage battery separator made of non-woven fabric of 
polyolefins gives a low-cost, a lightweight, and a high mechanical strength. When a separator made of synthetic pulps 
(non-woven fabrics of polyolefins) impregnated with a surfactant (Japanese Laid-Open Patent Publication No. . 
H5-283053) is used, the surfactant is released in use and the absorption property of an electrolytic solution of the 
separator is decreased. An acid battery separator was prepared by an addition polymerization of a hydrophilic monomer 

30 and polyethylene glycol diacrylate to a synthetic pulp of polyolefins (Japanese Laid-Open Patent Publication No. 
S62-268900 (1987)). It was described that ammonium persulfate was used as an initiator and any usual methods for 
polymerization could be employed. However, it is impossible to bind another polymer to polyolefins by the usual po- 
lymerization methods proposed in this patent. It is considered that the polymer resin obtained by the polymerization 
of a monomer seemed to be impregnated into the synthetic pulp of polyolefins and the mixture made solidification. In 

35 this case, the long lifetime of the separator can not be expected because the polyolefin fibers should be separated 
from the polymer resin by the repeated charge/discharge process in the battery. 

[0069] Thus, the present invention has been carried out to prepare a lead storage battery separator which gives no 
problems of separators used so far, a lead storage battery separator which gives a high absorption property of elec- 
trolytic solutions, resistances to alkalis and acids, a low-cost, a lightweight and a high mechanical strength, and these 
40 properties give an excellent durability because its hydrophilicity was made by a real chemical bonding. 

(Non-Woven Fabrics for Battery Separator) 

[0070] Non-woven fabrics for a battery separator prepared by the present invention are explained below. Webs for 
45 non-woven fabrics are not especially limited. Polyolefin resins are used as main materials for webs; non-woven fabrics 
prepared by various dry methods such as a spun bond, melt blow, spun lace, card, sintering, needle punch, cross layer, 
random weber, air-foaming and air-ray, or non-woven fabrics made by a wet paper machine, or woven fabrics made 
with warps and wefts are applicable. In addition, their laminates or bonded fabrics are also available. 
[0071] A wet paper machine method has an advantage that fibers with various diameters or several kinds of fibers 
so are mixed together at an arbitrary mixing ratio. Namely, fibers with various-forms such as a staple form and a pulp form 
and fibers with various diameters from a fine fiber below 7 to a thick fiber are available in this method. This method 
gives webs of very excellent characteristics as compared with the other methods. On the other hand, as the spun bond 
method and the melt blow method give non-woven fabrics made of fine fibers, a separator made of these non-woven 
fabrics is favorable for preventing an electrical short circuit between a positive pole and a negative pole in a battery. 
55 Especially, to improve a fine structure of a separator, polyolefin fibers with a diameter of 0. 1 jim to 1 5 jim are preferable, 
and the laminat of a spun bond non-woven fabric and a melt brow fabric or their bonded materials are preferable for 
the battery separator. 

[0072] A unit weight and a thickness of a non-woven fabric suitable for an alkali battery separator can be determined 
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is too thick or too high in density, it takeT I 2^ Sh ° rt Circuit ,n additi °"- *h n a separator 
inachargeanddischarg process is causefl Fu I! ? P^tormanel ctrolytic solution and a p^blem 
smal.. the folding advantages S i^J£^J^£?T« ,iber in a non — Eric's ve* 
short circuit, an increase in an retention P^wlZ^^T^"* * °' 3 Sma " 

but the following disadvantages are caused- T ^ d 3 " ,m P rovem ent of a life cycle of a battery 

a charge process, an increased an ^r^Z oTZL^T^ * ^ 9e " erated ,rom a P°^«ve pole at 
charge-dscharge process. ' * ° f 3 battery 3 " d 3 de 9^dation of a property of a battery at I uapid 

--WvTar^ 

used. Considering these conditions, an alka7batt^ 

a high retention property of an elec rolytic ^o.uSn and STlT^'f "* 3 " 

[0074] On the other hand a lead storal hl^ Z J 9 P ermea °>''ty of oxygen can be obtained. 

retention property. As a storage X" EES JS^t 3 ^ ^ 3nd 3 ' 3r9e ^ 

EibSS^ 

cell, an air cell, a silver chloride cej a lithium b^eTa mJnZZ Ut, ° n * 3 mefCUry ce "> a silver oxid « 
1-0076] Examples of secondary batteries a^e al aTka.iSaarh^ ^ US ' n9 *" "** e ' eCtr ° ,ytic so,u,ion - ete - 
Edison battery), a nickel^admium battery (TjwaTtoLS 9 ^ US ' ng 30 a,ka,ine e'ectrolytic solution (an 
using an acid electrolytic solution T^e^^TX Z^^^ ^ * *" ^ 
separators which have been so far used in batteries P 030 be used instead °» PaP* 

(2) Materials for wiping/cleansing: 

toe material gi». s , „„„,„„,> TZ^ZS^T! ST TV* bV 
(3) Water-Absorption Material: 



[0078] A material with a water absorption property prepared by the | 



w K .,„„ H>uljeiiy pre ,,, area Dy me presem jnventjon js represemed 

(4) Water Retention Material: 

S, iSSS^^ - — » * — ^ a water retention 

fabrics, non-woven fabrics, fibers'^ the materia, of woven 

materials is preferably from 1 0 m to 500 m for convince component fibers in these 



45 



50 



55 



(5) Medical/Sanitary/Cosmetic Supply: 



improved by the present invention ^S^iSXS^J^ 1^°"' 35 ^ m3teria,s 
medical accessories or supplies For instan^e^™ ^ 
catheters, tubes or other items fo/dra^ 

ages of synthetic fibers and iSSS^S!^ ^ ,6nSeS ' ,enS6S for " a " d ' 
^^arem:Z^ 
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with polyolefin non-woven fabrics with a hydrophilic property. Water generated from a body is passed through the inner 
hydrophilic non-woven fabric and absorbed by th water absorption material. A hydrophilic polyolefin non-woven fabric 
is the most preferable material becaus it is strong and not easily broken in water. However, the method to give a 
hydrophiiicity to th non-woven fabrics used in the inner material is only to dip them in surfactants or water-soluble 

5 reagents, which is easily removed by rinsing in water. In addition, the effect of surfactants to skins is worrying. Thus, 
a cheap, easy and durable method to improve a hydrophiiicity of a polymeric material is expected. Polyolefin materials 
improved in a water absorption/retention property which are prepared by the present invention are the most favorable 
for the fabrics used for the cover of the inside of disposable diapers and sanitary supplies. In addition, polymer materials 
with a high water absorption property which are prepared by the present invention are also available for water absorption 

10 materials used as a inner pad of disposable diapers or sanitary supplies. The improved materials by the present in- 
vention are light in weight, mechanically strong and safety, and give a durability for repeating uses. In addition, polymer 
materials obtained by the present invention give a hydrophilic property or a water absorption property, and they are 
light and strong. As they can be impregnated with detergents, chemicals and adhesives, they are available for gauze, 
fiber products for wiping, disinfecting cloth patches or tapes, and the other cosmetic supplies. When they are used for 

is disposable medical/sanitary/cosmetic supplies, each of a woven fabric or a non-woven fabric is preferably used as a 
material's form, and the unit weight and thickness of the material are appropriately selected. A diameter of fibers in a 
non-woven fabric, 1-500 \im is easily used. 

(6) Internal materials for clothing/bed/bedclothes: 

20 

[0082] The polymer materials having a hydrophiiicity and a water absorption property obtained by the present inven- 
tion are light in weight and mechanically strong. When their water absorption ability is controlled in a preferable extent, 
they are suitable for fiber products of clothes and an inner material for beds and bedclothes. 

25 (7) Filter Mediums: 

[0083] Filter mediums of porous films made of pofyolefins, polysulfone, and polyester, etc. give a mechanical strength 
and a low hydrophiiicity as compared with paper filters. They are not available for the filtration of aqueous solutions 
because of the low hydrophiiicity. At present, they are coated with surfactants or water-soluble polymers in order to 
30 improve the hydrophiiicity. However, the hydrophilic layer of the filters is nondurable and is easily dissolved in filtrates 
in the process of filtration. When the hydrophilic treatment of the present invention is applied for the filter mediums, it 
is expected that filter mediums with a durable water absorption property are obtained. 

(8) Materials for Microbial Culture Medium: 

35 

[0084] As water retention materials obtained by the present invention give a high water absorption property, a large 
mechanical strength, and a large microbial fertility, they are suitable as the materials of a microbial culture medium. 
Various forms of materials such as woven fabrics, non-woven fabrics, fibers and cut disposable fibers are available. A 
diameter of component fibers in these materials is preferably from 10 jim to 500 urn. 

40 

(9) Members of Writing Materials: 

[0085] Most of writing materials such as various ball-point pens with water-soluble ink, felt-tip pens, brush pens and 
fountain pens contain members made of plastics. At present, plastic materials made of ABS resin, polyester and nylon 

45 are treated by a plasma treatment or a corona discharge treatment to improve the affinity to water-soluble ink and they 
are mainly used as members for writing materials. Instead of these materials, polyolefins such as polypropylene and 
polyethylene are improved and can be used for the members of writing materials, which give advantages of lightweight, 
safety, etc. The present invention makes it possible to improve the hydrophiiicity of usual hydrophobic plastic materials 
and to use the improved materials for the plastic members of writing materials, which have a good absorption/retention 

50 property of water-soluble ink; for example, hydrophilic members such as ink-tanks, ink-collectors, heads of brush pens, 
ink-absorbing polyester fibers and polyurethane sponges can be prepared. 

(10) Brackets for Straightening of Irregular Teeth: 

55 [0086] The present invention can improve an adhesion property of polymer materials. As this improvement is avail- 
able for various materials which ne d a good adhesion property, such as composites and fibers used for fiber reinforced 
plastics, it is also available to improve the adhesion property of brackets for straightening of irregular teeth. 
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(11) Polymer Composit s: 

K:^^;^- - reinforced plastics js jmproved and 

posites or in fiber reinforced p,as,ics ^l^T^^^TJZ^ " h P °' yme ' COm ' 

polymer composites. y p esem inventl0 n and th y are applied for making strong 

(12) Synthetic Papers: 

(13) Materials with Improved Adhesion Property: 

(14) Application of Hydrophilic Film: 

fogging property when they are put on g^Tti ZroT a " d ^ show a " a "«- 

Best Methods for Carrying Out the Invention 

(A) Polymeric materials 
[0093] 

(1 ) Polypropylene non-woven fabric 1 : Unit weight 40 g/m2 thickness mn mm / 

Model H of Ozaki Seisakusho Co., Ltd the other » « T (measured «V a ,hick "ess gauge, 

woven fabric of fineness 2 d, with embossSiq fSfeh Cv ~ are ™ asured smil *'W and a spunbonded non- 

(2) Polypropylene non-woven fab^^ 

f-neness 2 d. with embossing finish. It was used inlxampleT ^""bonded non-woven fabric of 

-aS^ 

(4) Polyester non-woven fabric: rSSSKJI,! .Sl^ Com P ara ^ e Ex amples 1 and 2. 

fineness 2 d. It was used in Example 11 ,erephtha,ate - made - unrt ^.ght 15 g/m* thickness 0.15 mm and 

(5) Polyethylene film: Unit weight 15 g/nf and thickness 0.05 mm It was used in P Mm „, fl 

(6) Polypropylene plain cloth: Numbers of warp 98/inch and w"tt '/US m!lo !r P * 

0.12 mm. .t was used in Example 12 and Compare E^atpte 3 ' * 3 d and thiCkness 

(7) Polypropylene film: Unit weight 18 g/m* and thickness n rw mm tk 

22 and Comparative Examples 5 and 6 ™° y W6 ' e US6d in Exam P |es u - 15 - 17, 

s<~^r^ - • -* 

used in Example 10 ' in,CKness 0.12 mm and fineness 2 d. It was 

(9)Cotton plain cloth.- Vam size (warp and weft, 40/1) and thickness 0.27 mm.lt was used in Comparative Example 

"oTmraXr^Twi^ 

(12) Non-woven fabric of poly thylene/po.y ster conjugated sheath-cora L: 
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Non-woven fabric made of conjugated sh ath-coretyp fiber with a core of polyester and a sheath of polyethylen 
Mixing ratio of polyester: 50 vol. %. Produc d by thermal melting method. Unit weight 27 g/m 2 , thickness 30 ujti, 
fin ness 3 d and average fib r length = 5.1 cm. It was used in Example 31 . 

(13) Polypropylene non-woven fabric 6: Non-woven fabric made by a spunbond method. Unit weight 20 g/m 2 , 
5 thickness 0.21 mm and fineness 2 d. Especially, this is prepared for a medical/sanitary us and is suitabl for a 

non-woven fabric used for a disposable diaper, a medical/sanitary supply, a napkin and a cosmetic supply, etc. It 
was used in Example 32. 

(1 4) Porous polyethylene film: Used for a filter medium. Product of super-high-molecular weight polyethylene (av- 
erage molecular weight, over 5 millions), unit weight 30 g/m 2 , thickness 0.060 mm, and an average diameter of 

10 voids is 1 .0 urn. It was used in Example 24. 

(15) Polypropylene synthetic paper: A film product which is white and contains a lot of air bubbles, unit weight 92 
g/m 2 and thickness 0.13 mm. It was used in Example 25. 

(1 6) Polyester film: A film of polyethylene terephthalate. Unit weight 72 g/m 2 and thickness 0.06 mm. It was used 
in Example 30. 

'5 (1 7) Carbon fiber: Source material is polyacrylonitrile fiber. Continuous filaments with average diameter of 1 .4 jim. 

It was used in Example 26. 

(18) Wool woven fabric: Unit weight 188 g/m 2 and thickness 0.5 mm. It was used in Example 27. 

(1 9) Members of writing materials: A polypropylene-made ink collector; outside diameter 6 - 8 mm, inside diameter 
2 - 4 mm, weight 0.61 g and length 28 mm. A polypropylene-made ink tank; outside diameter 10 mm, inside 

20 diameter 2 - 8 mm, weight 2.2 g and length 87 mm. They were used in Example 28. 

(20) Battery separator made of glass fiber: Thickness 1.0 mm, unit weight 342 g/m 2 , density 0.2 g/m 3 , fineness 
10 jim, fiber length 4 - 8 mm, space volume ratio 93% and water absorption 780 %. It was used in Comparative 
Example 7. 

(21) Brackets for straightening of irregular teeth: Size 2.23 x 3.0 x 3.8 mm, weight about 31 mg, a polypropylene 
25 molded material reinforced with aluminium fitment. It was used in Example 33. 

(B) Hydrophilic Polymer 
[0094] 

30 

(1) Polyvinyl alcohol (PVA): A product of Wako Junyaku Co., Ltd., code number 160-11485 (degree of polymeri- 
zation = 1500 - 1800); used in Examples 1, 3, 4, 10, 11, 12, 13, 15, 17, 22, 23, 24, 25, 26, 27, 29, 30, 31, 32 and 
Comparative Examples 1 and 6. 

(2) Sodium carboxymethylcellulose (CMC): A product of Wako Junyaku Co., Ltd., code number 039-01355; It was 
35 used in Examples 5, 6, 16, 28, 33 and Comparative Example 2. 

(3) Starch: Potato starch (a product of Wako Junyaku Co., Ltd., code number 1 91 -03985); It was used in Example 7. 

(4) Agar: Agar powder (a product of Wako Junyaku Co., Ltd., bacterial culture medium use, code number 
010-08725); It was used in Example 8. 

(5) Aqueous silk sericin solution: Cocoons of Bombyx mori were boiled in an aqueous solution of 5% sodium 
40 carbonate. Fibroin was removed from the obtained mixture, and the obtained liquor was neutralized with a dilute 

HCI solution and the obtained solution was dialyzed in distilled water. The solution was concentrated to about a 
half of the original volume by air-drying. Thus, a solution of sericin with about 0.9 wt% was obtained. It was used 
in Example 2. 

(6) Aqueous silk fibroin solution: Cocoons of Bombyx mori were washed in a boiling aqueous solution of 5% sodium 
45 carbonate. Fibroin removed from the obtained mixture was dissolved in a saturated aqueous solution of calcium 

chloride or lithium bromide by heating. The resulting solution was filtered and dialyzed in distilled water. The solution 
was concentrated to about 1/5 of the original volume by air-drying. Thus, a solution of fibroin with about 20 wt.% 
was obtained. It was used in Example 9. 

(7) Gelatin: A product of Wako Junyaku Co., Ltd., code number 077-03155. It was used in Example 14. 

50 

(C) Reagents 
[0095] 

55 (1 ) Cerium ammonium nitrate (IV) (CAN): It was used in Examples 1 , 8, 9, 1 6, 22, 23, 24, 25, 30 and 31 . 

(2) Potassium persulfat (KPS): It was used in Examples 2, 3, 6, 7, 10, 11 , 12, 13, 14, 15, 17, 22, 23, 24, 25, 26, 
27, 28, 30, 31 , 32,33 and Comparative Examples 1, 2, and 6. 

(3) 2,2 , -Azobisisobutylonitril (AIBN): A product of Wako Junyaku Co., Ltd., code numb r 019-04932. It was used 
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in Examples 28 and 29 
(D)Ozon Treatment: 



f5 



20 



25 



(E) Plasma Treatment: 



argon and oxygen (1:1 volume ratio) «T£KriiZ^TL?^ ,0 ^ P3 ' 3 mix,ure <* 
A glow discharge was carried out mainly for 30 seconds Z i £22 f 6 PreSSure was increased *> 5.6 Pa. 
power supply of 40 W to 1 00 W. After the SK^r.r? l,IW-,U,,,k *« 
the pressure was raised to a normal pressure aiX , T 3r9 ° n a " d nitr0gen was st °PP ed - 
judged from a contact angle of water to films ^ ^ W3S taken out The effect °< treatment was 



(F) Water-Absorption Test 1: 



50 



55 



of a specimen (an amount of absorbed S^S^X^S *"r *°t 8 ^ increase in ™^ 

a weight of the water absorbed specimTrhe m^Z™ 1 TV™ °' 3 W6i9ht of me dried «P«*nen from 
*> specimen gives "water absorption (%y ? * 9 * ° f 3 W6 ' 9ht 0f absorbed wa «" to the dried weight of the 

Water absorption (%) = (weigh, of absorbed water/weight of dried specimen) x 100 
35 (G) Water-Absorption Test 2: 

until water drops were not found (for about 3 S^JSZSKJS t ° Ut ° f ** **" 3nd hun 9 down 
absorbed water to a weight of the dried s^rJ^s^T^Lt" ' ' °' * ^ °' 

(H) Washing Fastness Test 1: 

(I) Washing Fastness Test 2: 
(J) Tensile Strength Test: 



40 



45 
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material. As a change in a strength along the lengthwise direction was seen in a similar range to that along the cross 
direction in each of the Examples, only th valu s along the lengthwise dir ction are given in Table 3 (wher , the 
strength of th original material is defin d as 1 .0). 

5 (K) Adhesion strength: 

[0103] Rectangular specimens of 30 mm (along a lengthwise direction) x 5 mm (a width) are cut from treated or 
untreated materials. An adhesion of 0.1 g is put on each part of 5 mm width from the edge of a specimen and the 
specimen was attached to a plywood board (thickness 2 mm and size 20 mm x 10 mm). The specimen attached to the 

10 plywood board is clamped with polyethylene films and a 500g weight is put on the surface of the film for 1 2 hours. Each 
part of 1 cm width from the edge of the specimen is clamped by the cramps of the tensile tester (Imada Seisakusyo 
Co., Ltd.; SFV-55-0-20M) and it is drawn at a rate of 30 mm/min to see peel strength of the bonded part. The adhesion 
strength of an untreated polypropylene film was measured similarly to that described above and it was defined as 1 .0 
and the relative value of each adhesion strength was estimated. 

is [0104] A polycyanoacrylate type adhesive (Aron-alpha, a product of Toa Gosei Co., Ltd.) and a polyvinyl acetate 
emulsion type adhesive (Wood-use bond, a product of Konishi Co., Ltd.) are employed. 

(L) Retention of Electrolytic Solutions: 

20 [01 05] A weight of a dried specimen (size 5 cm x 5 cm) was defined as W1 . A specimen was dipped into an aqueous 
potassium hydroxide solution (30 wt%) for 5 minutes. The specimen was taken out of the solution and is hung on for 
3 minutes. The weight of the specimen W2 was measured when liquid drops were not seen. The following equation 
gives the absorption (%) of an alkali solution. 

25 

Electrolytic solution retention (%) = 100 x (W2 - W1)/W1 

(M) Alkali-Resistance at High Temperature: 

30 [01 06] A weight of a dried specimen (size 5 cm x 5 cm) was given as W1 . A specimen was dipped in an aqueous 
potassium hydroxide solution (30 wt%) for 96 hours at 60°C. The specimen was taken out of the solution and was 
spread and hung on for 3 minutes. The weight of the specimen W2 was measured when liquid drops are not seen. 
Then the specimen was washed with water and dried in vacuum, and the weight was represented as W3. The following 
equations give an absorption (%) of an electrolytic solution and a weight decrease (%). 

35 

Electrolytic solution absorption (%) = 100 x (W2 - W1)/W1 



40 Weight decrease (%) = 1 00 x (W1 - W3)/W1 

(N) Self Charge/discharge Test: 

[0107] An improved non-woven fabric was assembled in a sealed nickel-hydrogen battery of a coin-size (nominal 
45 capacity: 500 mAH). Three batteries were prepared in this way. When the property of the batteries seemed to be stable, 
they were charged to 120% by an electric source of 0.1 C (Coulomb). After four cycles of a charge-discharge process, 
an average value of a residual capacity for each battery was estimated at 45°C after two weeks. The values are given 
in Table 3. 

so (O) Measurement of Contact Angle of Water: 

[01 08] A contact angle measuring apparatus (a product of CA-X of Kyowa Kaimen Kagaku Co., Ltd.) was employed. 
A water drop of about 1 mm diameter was put on a surface of a specimen by an injector, and the ware drop was 
enlarged by a video camera and the contact angle was estimated. 

55 
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(Exampl 1) 

WZZ^TZIp^*™ non ' woven ,abric by the method of m ,oregoin9 1 of mis inven,ion 

[01 09] A polypropyl n fabric 1 (0.3 g. size 50 mm x 50 mm) was treated with ozone for 20 minutes An IR soectrum 
of die ozone-treated fabric was observed and the ratio of the absorbance at around 1710 oSK^ISSS 
cnri was est.mated as 0.08 by the base line method. Then, the ozone-treated fabric was put in a vesselTontaini™ 
100 ml of water, 1 got PVA,10mg of cerium ammonium nitrate (IV) (CAN)and15mlofmemLi 4^0^^ 
was set ,n a water bath at 50°C for 2 hours. After the treatment, the fabric was washed with watered d*S ReE 
between values of water absorpt.on (%) of the fabric and the number of washing fastness test is given in Table 1 The 
lowering of the hydrophilicity of the treated fabrics was very small. ' 

(Example 2) 

Hydrophilic treatment of polypropylene non-woven fabric by the method of Aspect 1 (with silk sericin): 

[0110] A polypropylene fabric 1 (0.3 g) was treated with ozone for 30 minutes. Then, the ozone treated fabric was 
put ma vessel conta.n.ng. 10 0 ml of water, 10 mg of potassium persulfate. 3 ml of methanol and 5 ml of a silk sericin 
solut.cn. The react.cn m.xture was maintained at 80°C for 2 hours with stirring. After the treatment, the fabric was 

treatment was not observed .n the order of about 0.1 mg. As silk sericin was a protein, "Washing fastness test 2" usina 
HZ . C T 9em wasca ! r ' ed out Relation between wat * Absorption (%) of the fabric and the number of washing 
Z t,! ? h» r S9 ' V6n !" I 36 ' 6 1 • A considerable chan 9 e in the hydrophilicity by the laundry was not seen. As far as 
he treated fabric is washed with a neutral detergent, the practical hydrophilicity can be maintained. Water absorption 
(%) was tested by Water-absorption test 2". 

(Example 3) 

Hydrophilic treatment of polypropylene non-woven fabric by the method of Aspect 1 (with PVA): 

[01 111] A polypropylene fabric 1 (0.3 g) was treated with ozone for 30 minutes. Then, the ozone treated fabric was 
put in a vessel containing 100 ml of water, 30 mg of potassium persulfate, 0.3 g of PVA and 3 ml of methanol The 
reaction m.xture was maintained at 80°C for 2 hours with stirring. After the treatment, the fabric was washed with water 
and examined by "Washing fastness test 1 ". The water absorption property on the fabrics examined by "Water-absorp- 
tion test 1 were from 800% to 1100%. The weight-change of the specimen after the hydrophilic treatment was not 
observed .n the order of about 0.1 mg. The results were given in Table 1 . Even after six times of the washing fastness 
test 1 , the water absorption property of the treated fabric was kept over 810%. 

(Example 4) 

Hydrophilic treatment of polypropylene non-woven fabric by the method of Aspect 1 (with PVA): 

[0112] A polypropylene fabric (0.3 g) treated with ozone for 30 minutes was put in a vessel containing 100 ml of 
water, 0.3 g of PVA and 3 ml of methanol. The reaction mixture was maintained at 80°C for 2 hours with stirring After 
the treatment, the fabric was washed with water and examined by "Water-absorption test 1". The water absorption 
property on the fabrics examined by three times of "Water-absorption test 1 " was 650%. The results are given in Table 
1; aft6r S ' X HmeS ° f washing ,astness test ' 108 water at >sorption property of the treated fabric was kept over 

810%. 

(Comparative Example 1) 

Hydrophilic treatment of polypropylene non-woven fabric using potassium persulfate and PVA: 

[01 13] A polypropylene fabric 3 (0.3 g) with no ozone-treatment was put in a vessel containing 100 ml of water 0 3 
g of PVA and 3 ml of methanol. The reaction mixture was maintained at 80°C for 2 hours with stirring Aft r the treatment 
the fabric was washed with water and "Washing fastness test V was carried out. The water absorption of the treated 
fabric by "Absorption test V gave 760%. Th water absorption decreased to 260 % after six times of the washing 
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fastness t st. The results ar given in Table 1 . 
(Example 5) 

5 Hydrophillc treatm nt of polypropylen non-woven fabric by the method of Aspect 1 (with CMC in the absence of 
initiators): 

[01 14] A polypropylene fabric 3 (0.3 g) was ozone-treated for 30 minutes and was put in a vessel containing 1 00 ml 
of water, 0.3 g of CMC and 3 ml of methanol. The reaction mixture was maintained at 80°C for 2 hours with stirring. 
10 After the treatment, the fabric was washed with water. After three times of "Washing fastness test 1 the water ab- 
sorption of the treated fabric was 773 %. The results are given in Table 1 . 

(Example 6) 

15 Hydrophilic treatment of polypropylene non-woven fabrics by the method of Aspect 1 (with CMC): 

[01 15] A polypropylene fabric 3 (1 .0 g) ozone-treated for 30 minutes was put in a vessel containing 200 ml of water, 
0.5 g of CMC, 3 ml of methanol and 50 mg of potassium persulfate. The reaction mixture was maintained at 80°C for 

1 hour with stirring. After the treatment, the fabric was washed with water and "Washing fastness test 1" was carried 
20 out. After three times of the washing fastness test, the water absorption was 773 %. The results are given in Table 1 . 

(Comparative Example 2) 

Hydrophilic treatment of polypropylene fabric without the activation treatment: 

25 

[01 16] A polypropylene fabric 3 (1 .0 g) with no activation treatment was put in a vessel containing 200 ml of water, 
0.5 g of CMC, 50 mg of potassium persulfate and 3 ml of methanol. The reaction mixture was maintained at 75°C for 

2 hours with stirring. After the treatment, the fabric was washed with water and "Washing fastness test 1 " was carried 
out. The water absorption was 630% after the first washing fastness test. The results are given in Table 1 . After three 

30 times of the washing fastness test, the water absorption is decreased to 250 %. 

(Example 7) 

Hydrophilic treatment of polypropylene non-woven fabric by the method of Aspect 1 (with starch): 

35 

[0117] A polypropylene non-woven fabric 2 (1 .0 g) treated with ozone for 30 minutes was put in a vessel, and 100 
ml of water and 1 .0 g of potato starch were put in the vessel. After the starch was dissolved by heating, 50 mg of 
potassium persulfate and 3 ml of methanol were added in the reaction mixture. The reaction mixture was maintained 
at 60°C for 1 hour with stirring. Then, the fabric was washed with water and "washing fastness test 1 " was carried out. 
^o The water absorption of the treated fabric estimated by "Water absorption test 1 " was 600 %. After three times of the 
washing fastness test, the water absorption of the treated fabric was 530%. The results are given in Table 1 . 

(Example 8) 

^5 Hydrophilic treatment of polypropylene non-woven fabric by the method of Aspect 1 (with agar powder): 

[01 1 8] A polypropylene non-woven fabric 1 (1 .0 g) was plasma-treated for 30 seconds at a power supply of 60V and 
it was put in a vessel. A 1 00 ml of water and 1 .0 g of agar powder were put in the vessel, and they were dissolved by 
heating. Then, 60 mg of potassium persulfate and 3 ml of methanol were added in the mixture. The reaction mixture 
so was maintained at 60°C for 1 hour with stirring. After the treatment, the fabric was washed with water. The water 
absorption of the treated fabric estimated by "Water absorption test 1 " was 595%. After two times of "Washing fastness 
test 1 ", the water absorption of the treated fabric was 411 %. The results are given in Table 1 . 

(Example 9) 

55 

Hydrophilic treatment of polypropylene non-woven fabric by the method of Aspect 1 (with silk fibroin): 

[0119] A polypropylene non-woven fabric 1 (0.5 g) treated with ozone for 30 minut s was put in a vessel. Then, 100 
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(Example 10) 

522S2?T5pSrSSSSr ^ 3 P ° ,yPr0Py,ene - p0lyeth y ,ene non-woven fabric by the method of 

Kh 6 rrr P ^ 

reagent the fabric was washed w*h water and "Washing fastness test V was 

the treated fabric estimated by "Water absorption test V was ioon v th* JL^ ^ « absorption of 
hydrophiiic treatment was not observed nZ range o about 0 iTg Afte «veto« 5S V'? 1 ™ 1 ^ ^ 
the water absorption of the treated fabric was 850%. ^esu^aTe^n fSET ^ 

(Example 11) 

Hydrophiiic treatment of polyethylene terephthalate non-woven fabric by the method of Aspect 1 (with PVA): 

[0121] A polyethylene terephthalate non-woven fabric (0.8 g) was ozone-treated for 30 minute Th on «,« fe „ 
was put inavessel, and 40 mg of potassium persulfate. 100mlSwater^i^aSfm75iSL^r' 5?!S 
in it The reaction vessel was changed to be under nitrogen atmospS.^e^acSr^ mluTe 22TnZ^Z 
or 2 hours with stirring. After the treatment, the fabric was washed with water The waS aSSSI^ i2f 
fabric estimated by "Water absorption test 1" was 1200-A. After five ZTSiJlS^t^ii^S 

otrr^r g t^^^ 



[Table 1] 



Water absorption (%) of treated non-woven fabrics after washing fastness tes 



Examples 


I Number of washing fastness test 


1 


2 


3 


4 


5 


6 


Example 1 


1060 


950 


820 


800 


780 


! 780 


Example 2 


650 


620 


615 


610 




_L_. 


Example 3 


1080 


930 


830 


820 


810 


810 


Example 4 


820 


730 


650 






650 


Example 5 


679 


640 


580 








Example 6 


790 


773 


773 








Example 7 


600 




530 








Example 8 


595 


410 










Example 9 


640 


510 










Example 10 


1000 








850 




Example 11 


1200 








860 




Comparative Example 1 


760 


460 


330 


320 


300 


260 


Comparative Example 2 
Unit: %: 


630 


350 


250 
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(Example 12) 

Hydrophilic treatment of polypropylene plain cloth by the method of Asp ct 1 (with PVA): 

5 [0122] A polypropylene plain cloth (1.88 g) was ozone-treated for 30 minutes, and the tr ated cloth was put in a 
vessel. Then, 200 ml of water, 1 .61 g of PVA, 60 mg of potassium persulfate and 10 ml of m thanol were added in it. 
The reaction mixture was maintained at 80°C for 2 hours with stirring. After the treatment, the cloth was washed with 
water and dried. The water absorption of the treated fabric estimated by "Water absorption test 1" was 93.0%. After 
two times of " Washing fastness test 1", the water absorption of the treated fabric was 81 .2%. 

10 

(Comparative Example 3) 

[01 23] A water absorption of an untreated polypropylene plain cloth examined by "Water absorption test 1 " was 30%. 
'5 (Comparative Example 4) 

[01 24] A water absorption of a cotton plain cloth examined by "Water absorption test 1 " was 1 08%. 
(Example 13) 

20 

Hydrophilic treatment of polyethylene film by the method of Aspect 1 (with PVA): 

[01 25] A polyethylene film (0.5 g) washed well with methanol was ozone-treated for 60 minutes. The film was put in 
a vessel, and 100 ml of water, 40 mg of potassium persulfate, 0.2 g of PVA and 3 ml of methanol were added in it. The 
reaction mixture was maintained at 70°C for 2 hours with stirring. After the treatment, the film was washed with water 
and "Washing fastness test 1 " was carried out. The water absorption of the treated film estimated by "Water absorption 
test 1 * was 80%. The weight increase of the specimen after the hydrophilic treatment was 0.2%. 

(Example 14) 

Hydrophilic treatment of polypropylene film by the method of Aspect 1 (with gelatin): 

[0126] A polyethylene film (0.3 g) washed well with methanol was ozone-treated for 90 minutes. The film was put in 
a vessel, and 100 ml of water, 3 ml of methanol, 40 mg of potassium persulfate and 0.2 g of gelatin were added in it. 
35 The reaction mixture was maintained at 80°C for 2 hours with stirring. After the treatment, the film was washed with 
water and "Washing fastness test 1" was carried out. The water absorption of the treated film examined by "Water 
absorption test 1" was 85%. The weight increase of the specimen after the hydrophilic treatment was 0.3%. 

(Example 15) 

40 

Hydrophilic treatment of polypropylene film by the method of Aspect 1 (with PVA): 

[01 27] A polyethylene film (0.3 g) washed well with methanol was plasma-treated for 60 seconds at a power supply 
60V. The treated film was put in a vessel and 100 ml of water, 3 ml of methanol, 40 mg of potassium persulfate and 
45 0.2 g of PVA were added in it. The reaction mixture was maintained at 80°C for 2 hours with stirring. After the treatment, 
the film was washed with water and "Washing fastness test 1 " was carried out. The water absorption of the treated film 
examined by "Water absorption test 1 " was 75%. The weight increase of the specimen after the hydrophilic treatment 
was 0.2%. 

so (Example 16) 

Hydrophilic treatment of polypropylene film by the method of Aspect 1 (with CMC): 

[0128] A polypropylene film (0.3 g) washed well with methanol. Then, it was ozone-treated for 90 minutes. Then the 
55 treated film was put in a vessel, and 100 ml of water, 3 ml of methanol, 40 mg of CAN and 0.2 g of cerium ammonium 
nitrate (IV) wer added in it. Th reaction mixture was maintained at 80°C for 2 hours with stirring. After the treatment, 
the film was washed with water and "Washing fastness test 1 " was carried out. The water absorption of the treated film 
(examined by "Water absorption test 1 ) was 57%. The weight increase of the specimen aft r the hydrophilic treatment 
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was 0.2%. 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



(Adh siontest) 



Examples 


Water absorption (%) 


Relative adhesion strength 




— - 


Polycyano acrylate 


Polyvinyl acetate system 


Example 14 




1.75 


1.52 


Example 15 


75 


2.40 


1.85 


Example 16 


57 


1.68 


1.55 


Untreated specimen 


14 


1.00 | 


1.00 



(Comparative example 5) 
Ozone-treatment of polypropylene films: 

2.5%; this is appned similarly SEE?^ ftZZ^VT ^ °' *" ™ 

after the treatment was 0. 1 %. 9 as 99 3 ' ^ we,Qnt increa se of the specimen 

(Example 17) 

Hydrophilic treatment of polypropylene film by the method of Aspect 3: 

100 ml of water, 40 mg of po t^siS, pe^Ste 0 2 c of pv?J h 7 , T f " m W3S put in a vesse «- ™« 

mixture was maintained at 80*C o?2 S w^Llo Zj* > Z 3dded in * The reacli ™ 

"Washing fastness test 1 • was caZc ITa^^ZZoZ T "!!n *" '"" WaS W3Shed with water and 

(Comparative example 6) 



Treatment of polypropylene film without an activation treatment: 



and 3 ml of methanol wpr« *rtH*H in tk^ * ' 20 mg of P° ta ssium persulfate, 0.2 g of PVA 

weigh! increase el speeimen ate the „i„ "J 951 ' " as A <■»!* ol ni as-. A 

K^iiSrrpT^rj^rr^ — — - • - 
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(Example 18) 

Alkali battery separators: 

[01 35] When a polymeric material with an improved hydrophilicity is used for alkali batt ry separators, it should have 
exc llent properti s in a retention of an electrolytic solution, a durability to alkalis and a charge/discharge property. 
The values in Examples 1 , 3, 4 and 6 and Comparative example 1 are given in Table 3. 



[Table 3] 



Examples 


Water 
absorption (%) 
after 6 times' 

washing 
fastness tests 


Relative tensile 
strength (Before 
treatment = 1 ) 


Retention of 
electrolytic 
solution (%) 


Alkali-resistance 
(Decrease in 
weight(%)) 


Capacity after 
self-discharge 
(%) 


Example 1 


780 


0.87 


750 


0.1 


85 


Example 3 


810 


0.85 


760 


0.1 


85 


Example 4 


680 


0.92 


480 


0.2 


82 


Example 6 


750 


0.79 


540 


0.0 


90 


Comparative 
Example 1 


260 


0.91 


260 


3.0 


65 



[0136] As shown in Table 3, polypropylene non-woven fabrics (Examples 1, 3 and 6) which were treated by the 
ozone-treatment and the polymer treatment with PVA or CMC in the presence of an initiator (cerium ammonium nitrate 
(IV) or persulfates) gave the durability in an alkali-resistance property and a water absorption property. They are suitable 
for alkali battery separators. A polyolefin non-woven fabric prepared by the ozone treatment and the treatment with 
PVA in the absence of an initiator (Example 4) is also suitable for alkali battery separators as they give an excellent 
alkali-resistance property and a durable hydrophilicity. On the other hand, a polyolefin non-woven fabric prepared by 
the treatment with PVA and an initiator without the ozone treatment (Comparative example 1) gave a decrease in a 
water absorption property after the washing fastness tests, a low retention property of an electrolytic solution and a 
decrease in a battery content after a self-discharge process as compared with Examples 1, 3, 4 and 6. 

(Example 19) 

Application as a microbial culture medium: 

[01 37] Each of improved non-woven fabrics treated similarly to Examples 1 to 8 was cut in two pieces of a size of 2 
cm x 2 cm, and they were aligned in a petri dish of diameter 8 cm and depth 2 cm without an overlapping. 
[01 38] A bouillon/agar solution 1 00 ml was prepared by dissolving meat extract (1 wt%), polypeptone (1 wt%), sodium 
chloride (0.5 wt%) and agar (0.5 wt%) in water. The agar in the mixture was dissolved by using a microwave oven, and 
a bouillon/agar solution 50 ml was infiltrated through said non-woven fabrics prepared by the present invention. Then, 
the mixture was cooled down to the room temperature. The non-woven fabrics containing the bouillon/agar solution 
were put in the test tubes, which had been autoclaved for 1 5 minutes at 1 20°C. These test tubes were allowed to stand 
at 37°C overnight. The following day, after confirming the asepsis, microbes (Escherichia coli K-12 strain, Salmonella 
Typhimurium LT-2 strain and Bacillus subtilis Marburg strain, etc.) were planted on the fabrics, and they were cultivated 
overnight at 30 to 37°C. A microscopic observation showed that each of the microbes was growing well. 

(Example 20) 

Materials for cleansing/wiping: 

[0139] Improved non-woven fabrics obtained by the Aspect 1 similarly to Examples 10 and 11 were cut into a fabric 
of 30 cm x 30 cm size. After being absorbed by water, the fabric were used to clean a wooden table of 1 .2 m x 1 .2 m 
size for 1 minute, and the fabric was rinsed with water and dried. When this manner was repeated 1 0 times, the water 
absorption property of the fabric was observed; a considerable decrease in the water absorption property was not seen 
and the tensile strength gave a decrease of 20% of the original value. 
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(Example 21) 

Water retention materials for plants: 



(Example 22) 

Polypropylene film treated by the method of Aspect 2: 

[0141 ] Polypropylene film (0.4 g) was washed well with methanol, and dried The film was then treated ™th „ 

After the treatment, the specimen was washed with water for 5 minutes at 60°C Then t^lfJ/n 9- 
vessel, and 10 mg of oerium ammonium nitrate (IV) and 0.2 J^^Si^ Vni T " " ' 

(Example 23) 

Polyprop yl ene non-woven fabric treated by the method of Aspect 2. and its use for lead storage battery separators: 

ES^KSZT^ ,abrfe 4 (639 91 si2e 77 mm (wid,h) x 55 mm (len9th) x 1 - <■*■«•» - 

[01 « 4 f L Th6n ' the treated ,abric was put in a c y |in drical reaction vessel, and 40 ml of methanol 500 ml of in 
0 of PVA and 400 mg of cerium ammonium nitrate (IV) were added in it. The reacfon mSe 
or 2 hours w,th stirring. The treated non-woven fabric was washed with an aqueous tSSSSSVt 
quor rat*, = 1/20) at 60°C, and rinsed well in water and dried. The grafting was 2% A water 2 

Znl « "TT" Pr0P6rty ° f an e,eCtr ° ,ytiC S ° ,Uti0n (4 ° sulfuric acid *> lu «°n> was 650% Whe ^ the reS 
tens le strength o an untreated fabric was defined as 1 .0, the relative tensile strength of the Sated itZStZXSS? 

Sn r s b D i ned specime r as dipped in an aqueous h « ^SnTo^l 

hnJfr c i r /'^ Ji . P m6n W3S suff,c,en,| y washed with water and dried. Its retention property of an elec- 
trode solution (40 wt% of sodium hydroxide) was 650%, and the relative tensile strength was 0 94 

foTlll rlVT Ce ,6St: 1118 « b,3ined SP6Cimen WaS dipped in an ac > ueous sulfuric ** Glutton (40 wt%) at 70=0 
for a week. The specimen was sufficiently washed with water and dried. The retention property of the specimen toTh« 
electrode so.ut.on (a retention % of the sulfuric acid solution) was 600%, and the relative tensite strenXas 0 94 
Electnc property test: Hydrophilic polypropylene non-woven fabrics prepared by the present IZS^^^t 

were assembled in sealed-type lead storage batteries. The batteries gave a voltage 4 V and a caoaciN 3 8 Ah a 

tSS T "".""I"! ° Ut ^ ^ time Whe " ,he ,ina ' volta ° e " v al ! **£ "oSS ?3 A was 
observed. The results of the electric property after a charge-discharge test are given in Table 4. 

(Comparative example 7) 
Glass fiber separators: 

T£L ^LTT! 80 " ° , K battery Pr0PertieS • 3 9laSS " ber separa,or wni <* was extensively used for a separator in 
abTmtn P -fh! , T 8 " * W3S eXamined - Th8 91388 " ber S6parator is known to surfactants foSr 

cr^sr^r of an e,ectroiytic so,ution was 56o% - ^ ~ f - - 
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(Table 4] 



items 


Example 23 


Ortmnn rat ix/o ovamnlo 7 

vVl 1 iyJCLi all V c \3ACUHyjlt3 / 


Materials 


Hydrophilic polypropylene non-woven 
fabric 


Glass fib r with acid resistanc 


Electric resistance (ohm dm 3 /one 
piece) 


0.0003 


O 0040 


Discharge time after 30 times of 
charge/discharge (sec) 


750 


700 


Discharge time after 1 00 times of 
charge/discharge (sec) 


640 


500 


Voltage after self discharging (V) 


4.0 


3.7 


Initial water absorption rate (cm/min) 


5.0 


4.0 


Water absorption rate after 6 months 
(cm/min) 


5.0 


3.5 


Initial retention property of electrolytic 
solution (%) 


650 


560 


Retention property of electrolytic 
solution after 6 months (%) 


650 


480 



[01 45] These results suggest that the lead storage battery using a hydrophilic polyolefin non-woven fabric prepared 
by the present invention gives an excellent retention property of an electrolytic solution, a long lifetime and a lightweight. 
They can be produced with a cheaper price as compared with the batteries prepared by the usual techniques. 



(Example 24) 

Hydrophilic treatment of porous polyethylene film by the method of Aspect 4 and its application: 

[01 46] A porous polyethylene film of A4 size was washed with methanol and dried. Then, it was immersed in 1 00 ml 
of toluene at 50°C for 5 minutes. After wiping the toluene on the film, it was ozone-treated for 60 minutes. The ozone- 
treated film was put in a vessel, and 400 ml of water, 100 mg of potassium persulfate, 5 g of PVA and 3 ml of methanol 
were added in it. The reaction mixture was maintained at 80°C for 2 hours with stirring. After the treatment, the film 
was washed with an aqueous soap solution at 60°C three times (500 ml water for each washing). 
[01 47] Then, the treated film was put in a vessel, and 400 ml of water, 1 00 mg of cerium ammonium nitrate (IV) and 
5 ml of acrylic acid were added in it. The reaction mixture was maintained at 80°C for 2 hours with stirring under nitrogen 
atmosphere. The treated film was washed with an aqueous soap solution at 60°C and washed well with water. The 
water absorption of the treated film estimated by "Water absorption test 1 " was 200% (an untreated porous polyethylene 
film gave 5%). A contact angle of water could not measured because water was absorbed by the treated film (a untreated 
porous polyethylene film gives 1 20°). A weight increase of the specimen after the treatment was 2%. This hydrophilic 
porous polyethylene film gives excellent properties in an alkali-resistance and an acid-resistance, and it is available 
for a filtration of water. 

(Example 25) 

Hydrophilic treatment of polypropylene synthetic paper by the method of Aspect 4: 

[01 48] Polypropylene synthetic papers were treated by the method similar to Example 24 and the hydrophilic property 
was improved. The treated synthetic papers are possible to be written with water-soluble ink and they could be bonded 
to papers with water-soluble glues (starch, CMC and PVA, etc.). 
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(Example 26) 

Hydrophilic treatm nt of carbon fib rs by the method of Aspect 4 and its application for composit s: 
[0149] Carbon fiber 6.0 g was washed with methanol, dried and ozone-treated for 30 minutes. Then it was put in a 
adJed in°! 9 ™ ^ ^ S ° IUti ° n 2 9 ° f PVA) 3nd 1 00 mg ° f potassium P e ' sul,ate ™* 

[01 50] The reaction mixture was maintained at 80°C for 2 hours with stirring. After the treatment, the fiber was washed 
with an aqueous soap solution (concentration 0.1 wt% and liquor ratio 1/1000). After drying, the water absorption 
increased to be 200% (untreated fiber gave 120%). When the treated fiber was put on a surface of water it sank n 3 
seconds. But an untreated fiber did not sink in water even after one hour. The treated carbon fiber was mixed with an 
epoxy res,n adhesive and the mixture was dried. As a result, a rod of 5 mm x 5 mm x 100 mm size made of a composite 
of epoxy resin and hydrophilically-treated carbon fiber was obtained. As a comparison, a rod with the same Te as 

?r™ h T p rr e ?? sp !^ 

hydrophihcally-treated carbon fiber was five times of that of a rod containing untreated carbon fiber. 
(Example 27) 

Hydrophilic treatment of wool fiber by the method of Aspect 1 : 

[0151] Wool fiber (6.0 g) was washed with methanol, dried and ozone-treated for 60 minutes. Then, it was put in 15 
ml of an aqueous PVA solution (containing 0.375 g of PVA) in a vessel and 50 mg of potassium persulfate was added 
in it. The reaction mixture was maintained at 80°C for 2 hour with stirring. After the treatment, the fiber was washed 
twice with an aqueous solution of a neutral detergent (concentration 0.1 wt% and liquor ratio 1/1000) After drvina the 
water absorption increased to be 380%. An untreated fiber gave 99%. 

[0152] When water drops were put on an untreated wool fiber cloth and the cloth was inclined, they fell down On 
the other hand, water drops were put on the surface of the improved hydrophilic wool cloth, they were absorbed in 30 



30 (Example 28) 

Hydrophilic treatment of writing material members made of polypropylene of Aspect 4: 



[01 53] The solvent treatment of five ink collectors and five ink tanks which are made of polypropylene was earned 
out; they were dipped in toluene at 40°C for 5 minutes. Then, they were ozone-treated for 1 hour. Then the treated 
specimens were put in a mixture of 50 mg of potassium persulfate, 200 ml of water and 0.1 g of CMC at 80°C for 2 
hours. Then, the specimens. 60 ml of water, 0.7 ml of acrylic acid and 50 mg of AIBN were put in a Pyrex glass vessel 
which was covered. The UV light of a high pressure mercury lamp (Toshiba H400P lamp) was irradiated to the reaction 
vessel at 30°C for 2 hours; the distance between the vessel and the UV light was 20 cm. The ink collectors and tanks 
were taken out of the reaction mixture and washed with a soap solution for 10 minutes at 60°C (concentration = 0 1 
wt% and a liquor ratio = 1/500), washed with water and dried. The hydrophilic materials were obtained. The hydrophilic 
materials were soaked well when they were dipped in water. A water-soluble ink was put into the treated ink tank the 
ink involved in the tank did not easily pour out of it. On the other hand, untreated ink collectors and ink tanks did not 
absorb water. When water-soluble ink was put in them, it did not wet their surface. 

(Example 29) 

Hydrophilic treatment of polypropylene non-woven fabric by the method of Aspect 4: 

[01 54] A polypropylene non-woven fabric 5 (0.5 g) was washed with methanol and dried. Then, it was dipped in 1 00 
ml of toluene for 5 minutes at 50°C. After wiping toluene on the surface of the fabric, it was treated with ozone for 45 
minutes. The treated fabric was put in a vessel and 1 00 ml of water, 1 0 mg of AIBN, 0.5 g of PVA and 5 ml of methanol 
were added in it. The reaction mixture was maintained at 80°C for 1 hour. After the treatment, the fabric was washed 
with a soap solution at 60°C (concentration 0.1 wt% and a liquor ratio 1/1000). 

[01 55] Then, the treated fabric was put in a Pyrex-glass vessel which contained a solution made of 30 ml of methanol 
1 0 mg of AIBN, 30 ml of water and 0.3 ml of acrylic acid. The U V light of a high pressure m rcury lamp (Toshiba H400P 
lamp) was irradiated to the reaction vessel at 30°C for 90 minutes; the distance between the vessel and the UV light 
was 20 cm. The treated non-fabric was washed with a soap solution at 60°C for 10 minutes, washed with water and 
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dri d. The water absorption property of the obtained material and the water absorption rate, were 200 % and 5.2 cm/ 
min., respectively (an untreated fabric: 20% and 0 cm/min.). Thus, as the obtained material gave durability in th water 
absorption prop rty and excellent properties in alkali-r sistance, acid-resistance and an anti-oxidation, it was suitable 
for a battery separator. 

5 

(Exampl 30) 

Hydrophilic treatment of polyester film by the method of Aspect 4: 

10 [0156] Polyester film (10 g) was dipped in 100 ml of toluene at 50°C for 10 minutes. When the surface of the film 
seemed to be dried apparently, the weight increase of the film was about 2%. Then, it was treated with ozone for 30 
minutes. The ozone-treated film was put in an Erlenmeyer flask, and 5 ml of methanol, 100 ml of water, 0.5 g of PVA 
and 0.1 g of potassium persulfate were put in the flask. The reaction mixture was maintained at 80°C for 2 hours with 
stirring. After the treatment, the film was washed well with water at 60°C. Then, the film was put in a reaction vessel, 

15 and 5 ml of methanol, 400 ml of water, 100 mg of cerium ammonium nitrate (IV) and 5 ml of acrylic acid were put in it 
The vessel was set under nitrogen atmosphere and maintained at 80°C for 2 hours. Then, the treated film was washed 
with a soup solution three times at 60°C (concentration = 0.1 wt% and a liquor ratio = 1/1 00). After drying, the treated 
film gave a contact angle of water, 22° (a untreated film gave 71°). The improved film gave durability in a hydrophilic 
property, and was soaked almost completely with water. When the improved film was stuck to a glass mirror with an 

20 adhesive, the miller gave an anti-fog property. The improved film could be bonded to various materials with usual 
adhesives. 

(Example 31) 

25 Hydrophilic treatment of non-woven fabric of polyethylene/polyester conjugated sheath-core type fiber by the method 
of Aspect 4 and its application for cleaning wiper: 

[01 57] A non-woven fabric of polyethylene/polyester sheath-core type conjugated fiber (2.4 g) was immersed in 1 00 
ml of toluene for 2 minutes at room temperature. Then, the fabric was taken out of toluene and it was squeezed by a 

30 centrifugal separator (a rotation number, 1000 rpm) until the extent that the surface looked dry apparently. The weight 
increase by this solvent treatment was about 4%. Then, it was treated with ozone for 30 minutes. Then, the ozone- 
treated non-woven fabric was put in an Erlenmeyer flask, and 5 ml of methanol, 100 ml of water, 0.5 g of PVA and 0.1 
g of potassium persulfate were put in the flask. The flask was set at 80°C for 2 hours under nitrogen atmosphere. After 
the treatment, the fabric was washed well with water. The obtained fabric was squeezed (to the extent of water ab- 

35 sorption, 300%). 

[0158] Then, the obtained fabric was put in a vessel, and 40 ml of water, 100 mg of cerium ammonium nitrate (IV) 
and 5 ml of acrylic acid were added in it. The flask was set under nitrogen atmosphere and maintained at 80°C for 2 
hours. After the treatment, the fabric was washed with an aqueous soap solution at 60°C three times (concentration 
0. 1 wt% and a liquor ratio 1 :500). After drying, the water absorption of the non-woven treated fabric examined by "Water 
absorption test 1 " was 231 0%. That of an untreated non-woven fabric was 350 %. The weight increase of the specimen 
after the hydrophilic treatment was 4%. The water absorption property of the material prepared by the Aspect 4 is 
higher than that by the Aspect 1 (the treatment by the Aspect 1 gave a water absorption of about 1400%) and it gave 
a large water absorption rate and a durable water absorption property. The improved non-woven fabric is preferably 
available for a wiper for cleansing/wiping (a substitute for scrubbing cloth). Ten sheets of the hydrophilic fabric which 
45 was absorbing water (a water absorption, about 2000%) were superposed and they were equipped to a cleaning mop. 
The mop was used for cleaning a wooden floor. After the use, they were rinsed with water and used repeatedly. They 
could be used over ten times. 

(Example 32) 

50 

Hydrophilic treatment of polypropylene non-woven fabric 6 by the method of Aspect 1 and an application for disposable 
sanitary supplies: 

[0159] A polypropylene fabric 6 was treated with ozone for 30 minutes. Then, the ozone-treated specimen was put 
55 in a vessel, and 500 ml of water, 300 mg of potassium persulfate, 5.0 g of PVA and 50 ml of methanol were put in it. 
The reaction mixture was maintained at 80°C for 2 hours with stirring. After th treatment, the fabric was washed with 
wat r at room temperature and washed with water at 60°C three times (2000 ml of water was used for each washing). 
The wat r absorption of th tr ated material xamined by "Water absorption test 1 " was 800 to 1100 %. 
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[01 60] A mod I of disposable diaper was prepared as follows: the hydrophilic polyolefin non-woven fabrics or ^ aro n 

iTzrz?:; s^st r u r ated hydrophobic ^ - ar^zn s 

(Example 33) 

Improvement of adhesion property of brackets for straightening of irregular teeth: 

ExamLS b Tt1rti 0 H h Stra ?, tenin9 ° f irr69Ular te6th (0 622 9) were by the method of Aspect 4 similar* to 

Example28. The treated brackets gave a good adhesion property to ceramic materials for teeth withadhesivesforteeth 

Industrial Applicability 

[0162] As mentioned above, various polymeric materials improved by the present invention gave an excellent watPr 
absorption properly and a good adhesion property with adhesives. In addfton, battery T^Z nreSrT^ZT 
po lyoleftn non-woven fabric improved by the present invent™ gave a high tensile - J^T^JSSS slZ 
retention and excellent alkali resistance and acid resistance. Thus, the battery separators of the presSTention 
[0163, L a So^ 

The improved matenal by the present invention gives a water absorption property and an excellent adhesion o ooe^ 
SZtt IT? the ; m P. rovement of ^ P^erty is also expected. As the adhesion £££S SHE 

T °T m ? Carb0 " ,ib6r 13 eXtrem6ly impr0ved ' h * dr °P hilic material * liable SJSSSSSSi 
for composrte matenals can be obtained by the present invention. The hydrophilic property of the other manv kinds S 
polymenc : materials is also improved by the present invention. The absorption property cJ water-^tn bToolv 
olef.n-made members of writing materials which was impossible so far is also improved * P *" 

[0164] As the water absorption property can be given to polyolefins, polyesters and composite fibers etc bv the 
present men, the improved materials can be used in various kinds of a medicaVsanitaryS^^ 

to the other matenals .s extremely improved. When a film with water absorption property is stuck to a glass the alass 
gives an ant-fog property, (n addition, when a material for goggles is directly improved to be hydrophtc it gfvefa^ 

I imZXl *? adheSi ° n Pr ° Perty ° f br3CketS ,0r slrai ^ng of irregular teeth mad o Xropy ene 
B improved by the present mvention, they can be well bonded to dental materials. The bio-compatibiHty of medfcal 
matenals ^^s vascular grafts, artificial organs, artificial joints, catheters and drainage apparatus'^ 

anreTh^ 



Claims 



1 ' niT^lr ° dif )! in9 a , p0,ymeric material which com P ri ses (D the step of activation-treatment and (2) the step 
of a hydrophilic polymer-treatment in this order. p 

2 * tTT^rlT^? V 01 *™* material which com P rises < 1 > step of activation-treatment, (2) the step of a 
hydrophil.c polymer-treatment and (3) the step of monomer grafting in this order. 

J. A method of modifying a polymeric material which comprises (1 ) the step of a solvent-treatment. (2) the step of 
act,vat.on-treatment and (3) the step of a hydrophilic polymer-treatment in this order. ' 

». A method of modifying a polymeric material which comprises (1) the step of a solvent-treatment, (2) the step of 
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activation-treatm nt, (3) the st p of a hydrophilic polymer-treatment and (4) the step of monomer grafting in this 
order. 

5. The method according to any one of Claims 1 to 4, wherein said polymeric materials are homopolymers or copol- 
5 ymers of one or more compounds selected from the group consisting of: olefins, vinyl compounds except olefins, 

vinylidene compounds and other compounds having carbon-carbon double bonds; polyesters, polyamides, poly- 
imides, polyurethanes, polybenzoates, poly(benzoxazole)s, poly-(p-phenylene benzbisoxazole)s, poly(benzthia- 
zole)s, poly-(p-phenylene benzbis-thiazole)s, poly(alkyl-p-hydroxybenzoate)s, poly(benzimidazole)s, carbon fiber 
materials, polyphenols, cellulose acetate, regenerated cellulose, vinylon, polychlel, casein, wool, silk and hemp 
10 (or ramie, jute). 

6. The method according to any one of Claims 1 to 4, wherein said polymeric material is in the form of any one of 
fibers, woven fabrics, knitted webs, non-woven fabrics, plates, rods, films, sheets, porous films, sheets, members 
or products of molded materials in a given shape or composite materials with other materials. 

15 

7. The method according to any one of Claims 1 to 4, wherein said activation process is at least one of the following 
treatments; an ozone treatment, a plasma treatment, a UV irradiation treatment and a high voltage electric dis- 
charge treatment. 

20 8. The method according to any one of Claims 1 to 4, wherein said hydrophilic polymer is at least one member 
selected from the group consisting of polyvinyl alcohol, carboxymethylcellulose, polyhydroxy ethylmethacrylate, 
poly-a-hydroxy vinylalcohol, polyacrylic acid, polyvinyl pyrrolidone, polyalkylene glycols, starche, silk fibroin, 
sericin, agar, gelatin, egg white and sodium arginate. 

25 9. The method according to Claim 2 or Claim 4, wherein said monomer is a compound having carbon-carbon double 
bond. 

10. The method according to claim 9, wherein said monomers are at least one kind of monomer or a mixture of mon- 
omers selected from the following monomers; acrylic acid, methacrylic acid, vinyl acetate, 2-butene acid, ethylene 

30 sulfonic acid, hydroxyalkyl acrylate, hydroxyalkyl methacrylate, acryl amide, vinyl pyridine, vinyl pyrrolidone, vinyl 

carbazole, maleic anhydride and pyromeilitic dianhydride. 

1 1 . The method according to any one of Claims 1 to 4, wherein said step of a hydrophilic polymer-treatment and said 
step of monomer grafting are carried out in the presence of catalysts or initiators. 

35 h 

12. The method according to Claim 2 or Claim 4, wherein said step of monomer grafting is carried out by any one of 

or both of the following two methods: (1 ) heating in the presence of catalysts or initiators and (2) UV irradiation in g 
the presence or absence of catalysts, initiators or photo-sensitizers. * 

* . 

40 13. The method according to Claim 11 or Claim 12, wherein said initiators are at least one compound selected from 
the following compounds: peroxides, cerium ammonium nitrate (IV) and persulfates. 

14. An improved polymeric material obtained by the improvement method according to any one of Claims 1 to 13. 

45 15. Battery separators containing improved polymeric materials obtained by the improvement method according to 
any one of Claims 1 to 13. 

1 6. Wiping/cleansing materials containing improved polymeric materials obtained by the improvement method accord- 
ing to any one of Claims 1 to 13. 

50 

17. Filter mediums containing improved polymeric materials obtained by the improvement method according to any 
one of Claims 1 to 13. 

1 8. Water absorption materials containing improved polymeric materials obtained by the improvement method accord- 
55 ing to any one of Claims 1 to 13.. 

1 9. Water retention materials containing improved polymeric materials obtained by the improvement method according 
to any one of Claims 1 to 13. 
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20. Materials for microorganism culture media containing improved polymeric materials obtain d by the improvement 
m thod according to any on of Claims 1 to 13. 

21. Composite materials containing improved polymeric materials obtained by the improvement method accordina to 
any one of Claims 1 to 1 3. y 

22. Members of writing materials containing improved polymeric materials obtained by the improvement method ac- 
cording to any one of Claims 1 to 1 3. 

23. Polymeric materials improved in adhesion property obtained by the improvement method according to any one of 
Claims 1 to 13. 7 

24. Medical/sanitary/cosmetic supplies containing improved polymeric materials obtained by the improvement method 
according to any one of Claims 1 to 1 3. 

25. Synthetic papers made of improved polymeric materials obtained by the improvement method accordinq to anv 
one of Claims 1 to 13. 7 

26. Brackets for straightening of irregular teeth containing improved polymeric materials obtained by the improvement 
method according to any one of Claims 1 to 1 3. 

27. Textile products for clothing or inner battings of beds/bed clothing containing improved polymeric materials obtained 
by the improvement method according to any one of Claims 1 to 13. 
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